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© Tunable Wavelength light source incorporated optical filter using interferometer into external 
cavity. 



© In an external-cavity tunable wavelength light 
source using a semiconductor laser (LD) (1). when 
an interferometer serving as an optical filter is con- 
stituted by part of an external cavity, an external- 
cavity longitudinal mode can be selected with good 
reproducibility, and a side mode suppression ratio 
can be increased. A light beam emitted from an AR- 
coated facet of an LD (1) is converted into a col- 
limated beam by a lens (2), and the collimated beam 
is incident on a Mach-Zehnder (MZ) interferometer 
(5) serving as an optical filter. An interference light 
beam emerges from the MZ interferometer (5) to- 
ward a diffraction grating (3) serving as a preselec- 



tor. Only a light component having a specific 
wavelength and selected by spectrally dispersing the 
interference light beam reversely travels in the same 
optical path as that of the interference light beam 
and is returned to the LD (1). In this manner, a cavity 
is formed between the LD (1) and the diffraction 
grating (3), and a laser beam having a wavelength 
determined by three relationships between an exter- 
nal-cavity longitudinal mode, a cavity loss caused by 
the diffraction grating (3). and the output characteris- 
tics of an interference light beam from the MZ inter- 
ferometer (5) is oscillated. 
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The present invention generally relates to a 
tunable wavelength light source, particularly, to an 
external-cavity tunable waveguide light source us- 
ing a semiconductor laser, and more particularly, to 
a tunable wavelength optical source in which an 
optical filter using an interferometer serves as part 
of an external cavity to tune the oscillation 
wavelength of a laser beam at good reproducibility 
and a high resolving power, thereby improving var- 
ious characteristics such as a side mode suppres- 
sion ratio and a spectral line width. 

As a typical conventional external-cavity tun- 
able wavelength light source using a semiconduc- 
tor laser and used in the above field, a tunable 
waveguide light source in which a wavelength is 
selected by an external diffraction grating is known. 

FIG. 9 shows the arrangement of a conven- 
tional external-cavity tunable waveguide light 
source. 

A light beam emerging from an AR-coated (AR: 
Anti-Reflection) facet 1a of a semiconductor laser 
(LD) 1 is converted into a collimated beam by a 
lens 2, and the parallel beam is incident on a 
diffraction grating 3. The collimated beam is spec- 
trally dispersed by the diffraction grating 3, and 
only a light component having a specific 
wavelength (to be described later) is returned to 
the LD 1. In this manner, a cavity is formed be- 
tween a facet 1b of the LD 1 which is not AR- 
coated and the diffraction grating 3, thereby os- 
cillating a laser beam having a wavelength deter- 
mined by a cavity length L. An output laser beam 
is emitted from the facet 1b of the LD 1 which is 
not AR-coated. 

Note that an oscillation wavelength setting unit 
4 outputs a rotary drive signal to rotate the diffrac- 
tion grating 3 in a direction of a two-headed arrow 
R using a rotary shaft 3a as a fulcrum, thereby 
setting an incident angle $ of the light beam which 
is incident from the lens 2 on the diffraction grating 
3. 

The principle of the above laser oscillation will 
be described betow. 

Light beams incident on the diffraction grating 
3 are diffracted at different angles depending on 
the wavelengths of the light beams. More specifi- 
cally, as shown in FIG. 10, when the grating con- 
stant of the diffraction grating 3 is represented by 
d, and an incident angle with respect to the diffrac- 
tion grating 3 is represented by fl, a wavelength x 
at which an exit angle jS is obtained satisfies the 
following equation: 

mX = d(sinfl + sin/3), (1) 

(where m is a diffracted order which can be set 
to ±1, ±2, ....) 

In the light beam incident on the diffraction 
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grating 3, a light component having a wavelength 
which satisfies 0 = 0 in equation (1) is returned to 
the LD 1 , thereby forming a cavity (cavity length L) 
between the diffraction grating 3 and the LD 1. A 

s wavelength of a laser beam oscillated at this time, 
as shown in FIG. 11, is determined by the gain 
spectrum of the LD 1, the wavelength characteris- 
tics of a cavity loss (mainly, characteristics of the 
diffraction grating 3), and an external-cavity longitu- 

io dinal mode determined by the phase condition of a 
light beam. That is, the laser beam is oscillated in 
an external-cavity longitudinal mode at which a 
value obtained by subtracting the loss from the 
gain becomes maximum. 

75 This external-cavity longitudinal mode is a con- 

dition for forming a standing wave when a light 
beam reciprocally travels in the cavity, and is given 
by the following equation: 

20 nX = 2L (2) 

(n: a natural number, L: the above cavity 
length) 

At this time, each external-cavity longitudinal 
25 mode interval AX is given by: 

AX = X 2 /2L (3) 

Referring to FIG. 11, when the incident angle 6 
30 with respect to the diffraction grating 3 is changed, 
a wavelength at which the loss of the cavity be- 
comes minimum changes in the direction of a two- 
headed arrow W indicated by a dotted line in FIG. 
11. More specifically, according to this scheme, 
35 when the diffraction grating 3 is rotated, an ar- 
bitrary external-cavity longitudinal mode can be 
selected within a range in which the LD 1 has a 
large gain width. 

Note that, in order to sequentially oscillate la- 
40 ser beams in the external-cavity longitudinal modes 
shown in FIG. 11, the diffraction grating 3 is rotat- 
ed, and the incident angle 8 must be set at exter- 
nal-cavity longitudinal mode intervals AX. 

At this time, the selectivity of the external- 
45 cavity longitudinal modes depends on the resolving 
power of the diffraction grating 3. 

In the external-cavity tunable wavelength light 
source using such a diffraction grating, the follow- 
ing conditions must be satisfied to realize the tun- 
so able wavelength light source: 

CD A spectral line width is decreased. 
@ A side mode suppression ratio is increased, 
i.e., the influences of modes except for a se- 
lected external -cavity longitudinal mode are re- 
55 duced. 

In order to realize the condition CD, in FIG. 9, a 
distance between the LD 1 and the diffraction grat- 
ing 3, i.e., the cavity length L, must be increased. 

2 
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However, in this case, the following problems (a) 
and (b) are posed. 

(a) As is apparent from equation (3), when the 
cavity length L is increased, an external-cavity 
longitudinal mode interval AX decreases. For 
this reason, since the selectivity of the external- 
cavity longitudinal modes of the diffraction grat- 
ing 3 is degraded, the reproducibility of an os- 
cillation wavelength is degraded. In addition, 
since a cavity loss difference between the 
modes decreases, a side mode suppression ra- 
tio decreases. Therefore, the condition © is not 
satisfied. 

In order to solve this, the resolving power of 
she diffraction grating 3 may be increased. How- 
ever, the resolving power of the diffraction grat- 
ing 3 is proportional to a grating constant d, and 
this grating constant d is minimized to a phys- 
ical limit at present. 

In order to solve the problem {a) and satisfy 
the condition (2). in FIG. 9, a method of insert- 
ing an optical filter (wavelength filter) into a 
cavity constituted by the LD 1 and the diffraction 
grating 3 to improve the selectivity of external- 
cavity longitudinal modes is considered. 

As a scheme for realizing this method, a 
scheme in which a Fabry-Perot etalon (to be 
referred to as an etalon hereinafter) is used as 
an optical filter is conventionally proposed ("Ex- 
ternal-Cavity Laser Design and Wavelength Cali- 
bration" HP Journal, 1993, Feb. pp. 20-27). 
However, this scheme has the following prob- 
lem. 

(b) Although a setting precision for the cavity 
length of the etalon requires a 10~ 12 m order, 
this cavity length is difficult to be controlled. In 
addition, in order to avoid that the reflected light 
beam of a light beam incident on the etalon is 
returned to the LD 1, the etalon must be ar- 
ranged to be inclined with respect to an optical 
axis. For this reason, the cavity length is more 
difficult to be controlled. 

The above explanation will be more exactly 
described below. 

The FSR (Free Spectrum Range) of the etalon 
is determined by a distance l between two mirrors 
as follows: 

FSR = C/2nt 

(where C: light velocity, n: refractive index). 

For example, assuming that the FSR is set to 
be 50 GHz, nt = 3 mm in a normal state, n - 1, in 
air. 

A change amount At of t required when a 
transmission peak wavelength is changed by AX is 
expressed by 



At = t-AX/X 

In order to obtain a change represented AX = 
1 pm when X = 1.5 am, A — 2 x 10~ 12 m must be 
5 satisfied. It is difficult to satisfy this condition by 
means of a mechanical device. 

It is, therefore, an object of the present inven- 
tion to provide a new and improved tunable 
wavelength light source which can solve the above 
10 problems and reliably select the same external- 
cavity longitudinal mode with a simple control sys- 
tem. 

According to one aspect of the present inven- 
tion, there is provided a tunable wavelength light 

75 source, comprising: a semiconductor laser having 
first and second opposing facets each of which can 
emit a laser beam, the first facet being anti-reflec- 
tion-coated; a preselector arranged on an optical 
path of the laser beam emerging from the first 

20 facet to spectrally preselect the laser beam emerg- 
ing from the first facet of the semiconductor laser 
at a predetermined resolving power, return only a 
light component having a specific wavelength to 
the first facet, and constitute an external cavity 

25 between the second facet of the semiconductor 
laser and a returning surface of the preselector; 
and an optical filter for substantially limiting a 
wavelength band of the laser beam, characterized 
in that the optical filter is constituted by an inter- 

30 ferometer, the interferometer is arranged on an 
optical path in the external cavity to demultiplex the 
laser beam emerging from the first facet of the 
semiconductor laser into first and second optical 
paths having a predetermined optical path length 

35 difference therebetween, multiplex demultiplexed 
light components, and output an interference light 
beam (b) having a transmittance maximized at a 
predetermined wavelength toward the preselector, 
thereby causing the interferometer to substantially 

40 serve as an optical filter for limiting a wavelength 
band of the laser beam, and the interferometer is 
arranged such that a resolving power of the optical 
filter is higher than the predetermined resolving 
power of the preselector, and the tunable 

45 wavelength light source further comprises: tuning 
means for tuning the predetermined optical path 
length difference between the first and second op- 
tical paths of the interferometer to tune a 
wavelength of the laser beam externally emerging 

50 from the second facet of the semiconductor laser. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

55 FIG. 1 is a block diagram of a tunable 
wavelength light source using a Mach-Zehnder 
(MZ) interferometer to show the first embodi- 
ment of the present invention; 
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FIG. 2 is a view showing the basic arrangement 
of the MZ interferometer in FIG. 1 ; 
FIG. 3 is a graph showing the wavelength char- 
acteristics of the transmittance of the MZ inter- 
ferometer in FIG. 1; 

FIG. 4 is a block diagram of a tunable 
wavelength light source using an MZ interfero- 
meter and a control loop to show the second 
embodiment of the present invention; 
FIGS. 5A, 5B, 5C, 5D, and 5E are graphs for 
explaining the operation of a tunable wavelength 
light source using an MZ interferometer; 
FIG. 6 is a block diagram of a tunable 
wavelength light source having a wide tunable 
range using an MZ interferometer to show the 
third embodiment of the present invention; 
FIGS. 7 A and 7B are views respectively showing 
the partial and entire arrangements of a tunable 
wavelength light source, having part which is 
formed as an optical integrated circuit, to show 
the fourth embodiment of the present invention; 
FIG. 8A is a block diagram of a tunable 
wavelength light source using a Michelson inter- 
ferometer and a control loop to show the fifth 
embodiment of the present invention; 
FIG. 8B is a view showing the sixth embodiment 
of the present invention in which an optical 
tunable wavelength filter (BPF) is used in place 
of a diffraction grating; 

FIG. 8C is a graph showing the transmittance 
characteristics of the optical wavelength tuning 
filter in FIG. 8B; 

FIG. 9 is a view showing the arrangement of a 
conventional external-cavity tunable wavelength 
light source; 

FIG. 10 is a view for explaining the operation of 
a diffraction grating; and 

FIG. 11 is a graph for explaining the oscillation 
principle of an external-cavity tunable light 
source. 

Reference will now be made in detail to the 
presently preferred embodiments of the invention 
as illustrated in the accompanying drawings, in 
which like reference characters designate like or 
corresponding parts throughout the several draw- 
ings. 

The principle of the present invention will be 
described below first. 

In order to solve the above problems, accord- 
ing to the present invention, attention is paid to the 
following points. That is, as an optical filter for 
improving the selectivity of external-cavity longitu- 
dinal modes, an interferometer can be used in 
which a light beam is demultiplexed into two light 
components to form an optical path difference, and 
the two light components are multiplexed to cause 
interference. Two interference light beams can be 
extracted from such an interferometer. 
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For this purpose, according to an embodiment 
of the present invention, a tunable wavelength light 
source comprises an interferometer serving as an 
optical filter and a means for tuning the optical path 

5 difference (i.e., a wavelength band of a light beam 
which passes the optical filter). 

According to another embodiment of the 
present invention, a tunable wavelength light 
source comprises a control means for detecting 

w one interference light beam extracted from an inter- 
ferometer serving as an optical filter and controlling 
a tuning means on the basis of this detection signal 
so as to automatically adjust the optical path dif- 
ference of the interferometer. 

75 An interferometer which can be used as an 

optical filter will be described below using a Mach- 
Zehnder interferometer (to be referred to as an MZ 
interferometer hereinafter) as an example. 

An MZ interferometer 5, as shown in FIG. 2, is 

20 constituted by two half mirrors 51 and 52 and two 
total reflecting mirrors 53 and 54. An input light 
beam a is demultiplexed into two light components 
by the half mirror 51. One light component is 
directly input to the half mirror 52, and the other 

25 light component is input to the half mirror 52 
through the total reflecting mirrors 53 and 54, 
thereby multiplexing the two light components. At 
this time, interference between the two light com- 
ponents occurs, and the light beam obtained by 

30 multiplexing the two light components becomes an 
interference light beam. Two interference light 
beams (output light beams b and c) are output 
from the half mirror 52. 

In this case, optical characteristics obtained 

35 when the MZ interferometer 5 is used as an optical 
filter will be described below. When an optical path 
difference between an optical path length Li of the 
light beam which emerges from the half mirror 51 
and directly reaches the half mirror 52 and an 

40 optical path length l_2 of the light beam which 
emerges from the half mirror 51 and reaches the 
half mirror 52 through the two total reflecting mir- 
rors 53 and 54 is represented by AL, the optical 
filter has a free spectrum range (FRS) expressed 

45 by the following equation: 

FSR = C/AL (4) 

(C: light velocity) 

50 When this equation is expressed as a function of 
the wavelength characteristics (or frequency char- 
acteristics) of a transmittance which is a ratio of an 
output light beam intensity to an input light beam 
intensity, the graph shown in FIG. 3 is obtained. 

55 The following facts can be found from FIG. 3. That 
is, the transmittance can be periodically changed 
within a range of 0 to 1 with respect to the 
wavelength, and a peak wavelength (wavelength at 

4 
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which a tra remittance of 0 or 1 is obtained) can be 
changed by changing the optical path difference 
AL. In addition, it is found that the output light 
beam b output from the half mirror 52 has a 
characteristic curve obtained by inverting the char- 5 
acteristic curve of the output light beam c. 

Therefore, when a wavelength at which a trans- 
mittance of 1 is obtained by tuning the optical path 
difference AL is adjusted to the wavelength of an 
external-cavity longitudinal mode to be oscillated, 10 
the MZ interferometer 5 can be used as an optical 
filter for improving the selectivity of external-cavity 
longitudinal modes. 

In addition, since two interference light beams 
each having a uniform characteristic curve can be 15 
extracted as the output light beams b and c from 
the MZ interferometer 5, one interference light 
beam having a transmittance of 1 emerges toward 
a diffraction grating, and the other interference light 
beam having a transmittance of 0 can be used as a 20 
control signal for stabilizing the optical path dif- 
ference AL of the MZ interferometer 5. More spe- 
cifically, when a wavelength at which a transmit- 
tance of 0 can be obtained is detected, and the 
optical path difference AL changes due to a 25 
change in temperature or the like, the optical path 
difference AL can be controlled (corrected) such ' 
that the transmittance is always set to be 0 (in 
other words, the interference light beam emerging 
toward the diffraction grating is set to be 1 ). 30 

Note that, since the setting precision of the 
optical difference AL is set to be satisfactorily set 
to be a 10~ 8 m order, the MZ interferometer can 
be controlled considerably easier than the above 
etalon (requiring a 10~ 12 m order). 35 

Several embodiments of the present invention 
based on the above principle will be described 
below with reference to the accompanying draw- 
ings. 

40 

(First Embodiment) 

FIG. 1 is a block diagram showing the arrange- 
ment of a tunable wavelength light source using an 
MZ interferometer 5 as an optical filter to show the 45 
first embodiment of the present invention. Note that 
the same reference numerals as in the prior art 
denote the same parts in this embodiment. 

A light beam emerging from an AR-coated 
facet a of an LD 1 is converted into a collimated 50 
beam, and the collimated beam is incident on the 
MZ interferometer 5 serving as an optical filter. 
One (interference light beam b) of interference light 
beams generated by the MZ interferometer 5 on 
the basis of the above principle emerges toward a 55 
diffraction grating 3. A light component whose 
wavelength is selected by spectrally dispersing the 
interference light beam b and satisfies mX = 



2dsintJ (equation (1)) reversely travels in the same 
optical path as that of the interference light beam b 
and is returned to the LD 1 . 

In this manner, an external cavity (cavity length 
L) is formed between a facet b of the LD 1 which is 
not AR-coated and the diffraction grating 3, and a 
laser beam having a wavelength determined the 
three relationships between an external-cavity lon- 
gitudinal mode determined by the cavity length L, a 
cavity loss caused by the diffraction grating 3, and 
the output characteristics of the interference light 
beam b from the MZ interferometer 5 is oscillated. 

These relationships are described in detail us- 
ing FIGS. 5A, 5B, 5C, and 5D. More specifically, of 
external-cavity longitudinal modes (e.g., (T) , (D , 
and ©) in FIG. 5D, a laser beam is oscillated in 
the external-cavity longitudinal mode 0 which 
satisfies two conditions, i.e., has a minimum cavity 
loss caused by the diffraction grating 3 and a 
maximum output (transmittance) of the interference 
light beam b from the MZ interferometer 5. 

Although the wavelength characteristics (FIG. 
5B) of the output (transmittance) of the interference 
light beam b emerging from the MZ interferometer 
5 is determined by an optical path difference AL of 
the MZ interferometer 5 as described above, a 
practical determination of the optical path differ- 
ence AL will be described below. Although a tun- 
able wavelength light source requires a spectral 
line width of 1 MHz or less, in order to realize this, 
a cavity length of several tens mm is required. 
Therefore, a case wherein the cavity length L is set 
to be 30 mm will be described below. 

More specifically, in a tunable wavelength light 
source having a 1.5 urn band, when the cavity 
length L in FIG. 1 is set to be 30 mm, an external- 
cavity longitudinal mode interval AV is set to be 5 
GHz (FIG. 5D) according to AV = C/2L In addition, 
the resolving power of the diffraction grating 3 is a 
maximum of about 50 GHz (FIG. 5A) at present. On 
the other hand, since a light beam emerging from 
the LD 1 reciprocally travels in the MZ interfero- 
meter 5, the MZ interferometer 5 can obtain an 
effect twice that of an optical filter in which a light 
beam travels in one direction. In consideration of 
the above facts, a resolving power (FIG. 5B), i.e., 
an FSR, obtained when the MZ interferometer 5 is 
used as an optica! filter is preferably set to be 
about twice (10 GHz) the external-cavity longitudi- 
nal mode interval. This resolving power can be 
achieved by setting the optical path difference AL 
to be 1 1 mm according to equation (4). 

In order to practically select this longitudinal 
mode with good reproducibility, a loss difference 
between adjacent longitudinal modes is satisfac- 
torily set to be 3 dB. For this reason, when the 
optical path difference AL is set to be 1 1 mm, FSR 
= 27.5 GHz is obtained. As shown in FIG. 5E, a 
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loss at a point spaced apart from the top point by a 
distance corresponding to 5 GHz can be set to be 
3 dB (when a light beam reciprocally travels). 

In this case, not only the adjacent mode (2) but 
also other longitudinal modes Q) and @ can be 
suppressed, and an SMSR (Side Mode Suppres- 
sion Ratio) and a selectivity can be improved. 

The above results can be based on the fact 
that, in an equation y = 1 /2cos(2ir • x/FSR) + 1/2 - 
(y: transmittance, x: frequency offset amount from 
the top) expressing the transmittance of the optical 
filter, assuming that x = 5 and FSR = 27.5, y = 
1A/2 (-1.5 dB) is obtained. 

In addition, the MZ interferometer 5 comprises 
a drive unit (turning means such as an actuator) 6 
connected to a mount 55 for supporting total re- 
flecting mirrors 53 and 54. The two total reflecting 
mirrors 53 and 54 interlocked with each other are 
moved in the direction of a two-headed arrow H, 
i.e., an optical path length l_2 shown in FIG. 2 is 
changed, so as to tune the AL of the MZ inter- 
ferometer 5 on, e.g., a 1- to 2-um order. Note that 
a piezoelectric (PZT) element or the like can be 
used as the drive unit 6. 

An oscillation wavelength setting unit 7 is con- 
stituted by a microprocessor and the like. The 
oscillation wavelength setting unit 7 controls the 
above drive unit 6 and sets an incident angle 8 at 
which the interference light beam b is incident on 
the diffraction grating 3. Therefore, as shown in 
FIG. 5D, when an oscillation wavelength is tuned 
from the cavity longitudinal mode © to the cavity 
longitudinal mode @ or ® , the optical path 
difference AL of the MZ interferometer 5 and the 
incident angle 6 of the diffraction grating 3 are 
respectively set and controlled by the oscillation 
wavelength setting unit 7. 

In the above arrangement, since the selectivity 
of external-cavity longitudinal modes can be im- 
proved by using the MZ interferometer 5 as an 
optical filter (more specifically, in FIG. 5D, a loss 
difference between the external-cavity longitudinal 
mode © and the external-cavity longitudinal mode 
(2) and a loss difference between the external-cavity 
longitudinal mode Q) and the external-cavity lon- 
gitudinal mode © increase within the cavity), only 
one mode (e.g., CD) can be stably oscillated with 
reproducibility better than that of the prior art, and 
a side mode suppression ratio (more specifically, a 
level difference between the external-cavity longitu- 
dinal mode 0 and the external-cavity longitudinal 
mode Q) and a level difference between the 
external-cavity longitudinal mode © and the exter- 
nal-cavity longitudinal mode (3) ) can be consider- 
ably increased. 



(Second Embodiment) 

FIG. 4 is a block diagram of a tunable 
wavelength light source using an MZ interferometer 

5 and a control loop to show the second embodiment 
of the present invention. 

In this embodiment, a control unit 8 is added to 
the arrangement of the first embodiment (FIG. 1), 
one interference light beam c of two interference 

10 light beams b and c emerging from a MZ inter- 
ferometer 5 and respectively having inverted uni- 
form characteristics is detected, and the detection 
signal is fed back to a drive unit 6, thereby auto- 
matically adjusting an optical path difference AL of 

15 the MZ interferometer 5. Therefore, a description of 
parts commonly used in the first and second em- 
bodiments will be omitted. 

An interference light beam c (corresponding to 
the output light beam c in FIG. 2) emerging from 

20 the MZ interferometer 5, as shown in FIG. 5B, has 
a characteristic curve obtained by inverting the 
characteristic curve of the interference light beam b 
(corresponding to the output light beam b in FIG. 2) 
incident on a diffraction grating 3. 

25 The interference light beam c emerging from 

the MZ interferometer 5 is incident on a photoelec- 
tric converter 81 and is converted into an electrical 
signal. This electrical signal output from the pho- 
toelectric converter 81 is amplified by an amplifier 

30 82 and then input to a comparator circuit 83. The 
comparator circuit 83 compares a reference voltage 
(to be described later) with a voltage from the 
amplifier 82 to detect the minimum point (frequen- 
cy lock operating point) of the transmittance of the 

35 interference light beam c shown in FIG. 5C, there- 
by outputting a difference voltage with respect to 
the reference voltage. 

A control circuit 84 is constituted by a micro- 
processor and the like. The control circuit 84 re- 

40 ceives the difference voltage output from the com- 
parator circuit 83 and controls the drive unit 6 such 
that the difference voltage becomes zero, in other 
words, the interference light beam c is minimized. 
More specifically, the drive unit 6 is controlled such 

45 that the frequency lock operating point (the interfer- 
ence light beam c in FIG. 5) coincides with an 
external-cavity longitudinal mode 1 (FIG. 5D). In 
this manner, a control (negative feedback) loop for 
controlling a variation in optical path difference AL 

50 of the MZ interferometer 5 is formed. 

Note that, a voltage output from the amplifier 
82 through a bottom-hold circuit 85 before the 
optical path difference AL is changed by the con- 
trol circuit 84 is used as the reference voltage of 

55 the comparator circuit 83, and the reference volt- 
age may be replaced with, as a new reference 
voltage, one having a small value and selected 
from the reference voltage and the voltage from the 
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amplifier 82 each time the optical path difference 
AL is controlled by the control circuit 84. This is 
because the next control is performed using the 
previous state as a reference, i.e., control is per- 
formed setting a relative reference (reference volt- 5 
age). In addition, as another method, as indicated 
by a broken line in FIG. 4, a voltage output from 
the amplifier 82 when the transmittance of the 
interference light beam c is minimized in each 
external-cavity longitudinal mode is stored in a 10 
memory 86 in advance, and this voltage may be 
read out from the memory 86 and used as a 
reference voltage each time an oscillation 
wavelength (i.e., an external-cavity longitudinal 
mode) is set by an oscillation wavelength setting 75 
unit 7. This is because control is performed using 
an absolute reference (reference voltage). 

The above photoelectric converter 81, the am- 
plifier 82, the comparator circuit 83, the control 
circuit 84, and the bottom-hold circuit 85 or the 20 
memory 86 constitute the control unit 8. 

In the above arrangement, the MZ interfero- 
meter 5 is used as an optical filter, and the interfer- 
ence light beam c of the two interference light 
beams b and c emerging from the MZ interfero- 25 
meter 5 is detected, thereby controlling the drive 
unit 6. For this reason, even if the optical path 
difference AL of the MZ interferometer 5 was 
changed due a change in temperature or the like, 
the optical path difference AL could be automati- 30 
cally controlled such that the center (point at which 
the maximum transmittance was obtained) of a 
wavelength band of a light beam which passed the 
MZ interferometer 5 serving as an optical filter 
coincided with the wavelength of an external-cavity 35 
longitudinal mode. Therefore, a tunable wavelength 
light source stabler than that of the first embodi- 
ment can be realized. 

(Third Embodiment) 40 

FIG. 6 is a block diagram of a tunable 
wavelength light source having a band widened by 
using an MZ interferometer to show the third em- 
bodiment of the present invention. 45 

In this embodiment, an LD 11, a lens 12, and 
an LD bias control circuit 9 are added to the 
arrangement of the second embodiment (FIG. 4) to 
constitute two cavities, and an oscillation 
wavelength band is widened by performing a so 
switching operation between an LD 1 and the LD 
11 to be oscillated. Therefore, a description of 
parts commonly used in the second and third em- 
bodiments will be omitted. 

A light beam emerging from the LD 1 is in- 55 
cident on a diffraction grating 3 through a lens 2 
and an MZ interferometer 5, is spectrally dis- 
persed, and only a light component having a spe- 
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cific wavelength is returned to the LD 1. In this 
manner, the first cavity is formed. This cavity is 
substantially the same as the cavity in FIG. 4. 

A light beam emerging from the LD 11 is 
incident on a half mirror 51 of the MZ interfero- 
meter 5 through the lens 12, is incident on the 
diffraction grating 3 through the MZ interferometer 
5, and is spectrally dispersed, and only a light 
component having a specific wavelength is re- 
turned to the LD 11. In this manner, the second 
cavity is formed. 

The LD bias control circuit 9 receives oscilla- 
tion wavelength information from an oscillation 
wavelength setting unit 7, selects one of the LDs 1 
and 1 1 , and causes the selected one to oscillate a 
laser beam. 

In the above arrangement, the first and second 
cavities are formed through the MZ interferometer 
5, and one of these cavities can be selected by the 
LD bias control circuit 9. For this reason, the char- 
acteristic feature of the second embodiment could 
be kept, and an oscillation wavelength band could 
be widened. For example, when laser diodes hav- 
ing a 1 ,5-um band and a 1 .3-um band are used as 
the LDs 1 and 11. respectively, only one tunable 
wavelength light source is required, although two 
tunable wavelength light sources are required in a 
conventional technique. 

(Fourth Embodiment) 

FIGS. 7A and 7B are views respectively show- 
ing the partial and entire arrangements of a tunable 
wavelength light source having part which is 
formed as an optical integrated circuit to show the 
fourth embodiment of the present invention. 

According to this embodiment, in each of the 
first embodiment (FIG. 1), the second embodiment 
(FIG. 4), and the third embodiment (FIG. 6), an MZ 
interferometer 5 is constituted by an optical 
waveguide type MZ interferometer constituted by 
two optical waveguides 5b and 5c formed on a 
substrate 5a having, e.g., an LiNb03 crystal, and 
an LD 1 and a photoelectric converter 81 (FIG. 4) 
are formed on or coupled with the substrate 5a. In 
this case, a heater 5d and a heater electrode 5e 
formed on or coupled with the substrate 5a serve 
similarly to a drive unit 6 in FIG. 4. More specifi- 
cally, a temperature around the optical waveguide 
5b is changed by a heater 5d to tune one optical 
path length (in other words, an optical path dif- 
ference AL) of the interferometer. The substrate 5a 
of this optical integrated circuit has a size of, e.g., 
about 10 mm x 10 mm. Note that the technique in 
the third embodiment of the invention disclosed in 
Jpn. Pat. Appln. KOKAI Publication No. 61-80109 
can be utilized for an optical waveguide type MZ 
interferometer. 
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As described above, the MZ interferometer or 
the like can be formed as an optical Integrated 
circuit. For this reason, the characteristic features 
of the first, second, and third embodiments could 
be kept, and a very compact tunable wavelength 
light source could be realized. 

Note that, in FIG. 7B, the LD 1 is driven by an 
LD drive circuit 71. A heater voltage control circuit 
72 applies a control voltage to the heater electrode 
5e. An output from the photoelectric converter 81 is 
monitored by an optical level monitor circuit 73, 
and is used through a bus line 76 and a control 
processor 77 to control a voltage applied to the 
heater 5d. A rotating shaft 3a of a diffraction grating 
3 is rotated through a motor drive circuit 74 and a 
motor 75. The control processor 77 controls the 
above circuits 71 to 74 through the bus line 76. 

(Fifth Embodiment) 

FIG. 8A is a block diagram showing the ar- 
rangement of a tunable wavelength light source 
using a Michelson interferometer and a control loop 
to show the fifth embodiment of the present inven- 
tion. 

According to this embodiment, a Michelson 
interferometer is used as an interferometer serving 
as an optical filter, and the MZ interferometer 5 in 
the second embodiment (FIG. 4) is replaced with a 
Michelson interferometer 10. Therefore, a descrip- 
tion of parts commonly used in the second em- 
bodiment (FIG. 4) and the fourth embodiment will 
be omitted. 

The Michelson interferometer 10, as shown in 
FIG. 8A, is constituted by one half mirror 10a and 
one total reflecting mirror 10b. An optical path 
difference is tuned such that the total reflecting 
mirror 10b supported by a mount 10c is moved by 
a drive unit 6 in the direction of a two-headed 
arrow H. 

Note that, since an effect obtained when the 
Michelson interferometer 10 is used as an optical 
filter is 1/2 that obtained when the MZ interfero- 
meter 5 is used as an optical filter, the selectivity 
of external-cavity longitudinal modes is slightly de- 
graded when the Michelson interferometer 10 is 
used as a tunable wavelength light source. 

(Sixth Embodiment) 

FIG. 8B shows the sixth embodiment in which 
a transmission tunable wavelength filter (optical 
bandpass filter: BPF) 3A and a total reflecting mir- 
ror 3B are used in place of the diffraction grating 3 
which serves as a preselector in each of the above 
embodiments. 

More specifically, in the sixth embodiment, an 
output light beam from an MZ interferometer 5 is 



input to the optical BPF 3A. In this case, the optical 
BPF 3 A has transmission characteristics which give 
a resolving power of about 1 nm and are shown in 
FIG. 8C, and the optical BPF 3A transmits only a 

5 light component having a predetermined 
wavelength X. The transmitted light component 
from the optical BPF 3A is reflected by the total 
reflecting mirror and returned to the MZ inter- 
ferometer 5 through the optical BPF 3A. 

w In this embodiment, an external cavity (cavity 

length L) is formed between an LD 1 and the total 
reflecting mirror 3B, thereby realizing a tunable 
wavelength light source having the same function 
as that of each of the above embodiments. 

75 

(Still Another Embodiment) 

As still another embodiment, in each of the 
above embodiments, a piezoelectric element or the 

20 like is arranged in, e.g., a diffraction grating 3, as a 
tuning means for tuning a cavity length of a cavity 
formed between an LD 1 and the diffraction grating 
3. In this manner, the position of an external-cavity 
longitudinal mode can be arbitrarily changed, i.e., a 

25 light beam having an arbitrary wavelength can be 
oscillated. 

As has been described above, in a tunable 
wavelength light source according to the present 
invention, an interferometer serving as an optical 

30 filter and a means for tuning the optical path dif- 
ference of the interferometer are arranged in the 
optical path of a cavity constituted by a semicon- 
ductor laser and a diffraction grating. For this rea- 
son, an external-cavity longitudinal mode could be 

35 selected with good reproducibility, a side mode 
suppression ratio could be increased, and a spec- 
tral line width could be decreased. 

In addition, in another embodiment of the 
present invention, a control means which detects 

40 part of an interference light beam extracted from an 
interferometer serving as an optical filter and feeds 
back the detection signal to a tuning means to 
adjust the optical path difference of the interfero- 
meter is arranged. For this reason, even if the 

45 optical path difference of the interferometer 
changes due to a change in temperature or the 
like, the optical path difference can be automati- 
cally corrected. As a result, the tunable wavelength 
light source according to the above embodiment 

50 could be further stabilized. 

In addition, in still another embodiment of the 
present invention, two laser diodes (LDs) can be 
used in two cavities since two input light beams 
can be input to an interferometer serving as two 

55 optical filters, so that a tunable wavelength ban can 
be widened. 



8 



BNSDOCID: <EP 0641052A1 J_> 



4 



15 



EP 0 641 052 A1 



16 



Claims 

1. A tunable wavelength light source, comprising: 

a semiconductor laser (1) having first and 
second opposing facets (1a, 1b) each of which 
can emit a laser beam, said first facet (1a) 
being anti-reflection-coated; 

a preselector (3) arranged on an optical 
path of the laser beam emerging from said first 
facet (1a) to spectrally preselect the laser 
beam emerging from said first facet (1a) of 
said semiconductor laser (1) at a predeter- 
mined resolving power, return only a light com- 
ponent having a specific wavelength to said 
first facet (1a), and constitute an external cavity 
between said second facet (1b) of said semi- 
conductor laser (1) and a returning surface of 
said preselector (3); and 

an optical filter for substantially limiting a 
wavelength band of the laser beam, 

characterized in that 

said optical filter is constituted by an inter- 
ferometer (5), 

said interferometer (5) is arranged on an 
optical path in said external cavity to demul- 
tiplex the laser beam emerging from said first 
facet (1a) of said semi-conductor laser (1) into 
first and second optical paths having a pre- 
determined optical path length difference 
therebetween, multiplex demultiplexed light 
components, and output an interference light 
beam (b) having a transmittance maximized at 
a predetermined wavelength toward said 
preselector (3), thereby causing said interfero- 
meter to substantially serve as an optical filter 
for limiting a wavelength band of the laser 
beam, and 

said interferometer (5) is arranged such 
that a resolving power of the optical filter is 
higher than the predetermined resolving power 
of said preselector (3), and 

said tunable wavelength light source fur- 
ther comprises: 

tuning means (6) for tuning the predeter- 
mined optical path length difference between 
the first and second optical paths of said inter- 
ferometer (5) to tune a wavelength of the laser 
beam externally emerging from said second 
facet (1b) of said semiconductor laser (1). 

2. A source according to claim 1 , characterized in 
that said preselector (3) includes a diffraction 
grating (3) for spectrally dispersing the laser 
beam emerging from said first facet (la) of 
said semiconductor laser (1) at a predeter- 
mined resolving power, returning only a com- 
ponent having a specific wavelength to said 
first facet (1a) of said semiconductor laser (1), 



and constituting an external cavity between 
said second facet (lb) of said semiconductor 
laser (1) and a spectral dispersion surface of 
said diffraction grating (3). 

5 

3. A source according to claim 1 , characterized in 
that said preselector (3) includes a tunable 
wavelength filter (3A) for transmitting the laser 
beam emerging from said first facet (1a) of 

70 said semiconductor laser (1) at a predeter- 

mined resolving power, and a total reflecting 
mirror (3B) for reflecting and returning only a 
light component having a specific wavelength 
transmitted by said tunable wavelength filter 

75 (3A) to said first facet (1a) of said semiconduc- 

tor laser through said tunable wavelength filter 
(3A), and constituting an external cavity be- 
tween said second facet (1b) of semiconductor 
laser and a reflecting surface of said total 

20 reflecting mirror (3B). 

4. A source according to any one of claims 1 to 

3, characterized in that said interferometer (5) 
for outputting a second interference light beam 

25 (a) having the transmittance minimized at a 

predetermined wavelength, and 

said tunable wavelength light source fur- 
ther comprises 

control means (8) for detecting the second 

30 interference light beam (a) emerging from said 

interferometer (5) to feed back the second 
interference light beam to said tuning means 
(6), thereby controlling the predetermined op- 
tical path length difference. 

35 

5. A source according to any one of claims 1 to 

4, characterized by further comprising: 

a second semiconductor laser (11) having 
first and second opposing facets {11 a, 11b) 

40 each of which can emit a laser beam having a 

predetermined wavelength different from that 
of the laser beam emerging from said first 
facet (1a) of said first semiconductor laser (1), 
said first facet (11a) being anti-reflection-coat- 

45 ed; and 

second control means (9) for controlling 
bias voltages of said first and second semicon- 
ductor lasers (1, 11) to selectively set one of 
said first and second semiconductor lasers (1, 

so 1 1 ) in a drive state. 

6. A source according to any one of claims 1 to 

5, characterized in that said interferometer (5) 
includes a Mach-Zehnder interferometer (5). 



55 



7. A source according to claim 6, characterized in 
that said Mach-Zehnder interferometer (5) 
comprises: 
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a first half mirror (51) for demultiplexing 
the laser beam or a second laser beam emerg- 
ing from said first facet (la, 1 la) of said first or 
second semiconductor laser (1, 11) into the 
first and second optical paths; 5 

a first total reflecting mirror (53) for turning 
a laser beam from said first half mirror (51) in 
a predetermined direction on the second op- 
tical path; 

a second total reflecting mirror (54) for w 
turning the laser beam from said first total 
reflecting mirror (53) toward the first optical 
path on the second optical path; and 

a second half mirror (52) for multiplexing 
the laser beam from said first half mirror (51) 15 
and a laser beam from said second total de- 
flecting mirror (54) on the first optical path to 
output the interference light beam (b) or a 
second interference light beam (a). 

20 

8. A source according to claim 7, characterized in 
that said Mach-Zehnder interferometer (5) fur- 
ther comprises support means (55) for com- 
monly supporting said first and second total 
reflecting mirrors (53. 54). 25 



waveguide (5b) on said substrate (5a) to tune 
an optical path length of said second optical 
waveguide (5b). 

12. A source according to claim 11, characterized 
in that said first or second semiconductor laser 
(1, 11) and at least part of said control means 
(8) are formed on or coupled with said sub- 
strate (5a). 

13. A source according to any one of claims 1 to 
12, characterized by further comprising 

lens means (2) for converting the laser 
beam or the second laser beam emerging from 
said first facet (1a, 11a) of said semiconductor 
laser (1) or said second semiconductor laser 
(11) into a collimated beam to direct the col- 
limated beam toward said interferometer (5). 

14. A source according to any one of claims 1 to 5 
and 13, characterized in that said interfero- 
meter (5) includes a Michelson interferometer 
(10). 



9. A source according to claim 8, characterized in 
that said tuning means (6) includes drive 
means (6), connected to said support means 
(55), for moving said first and second total 30 
reflecting mirrors (53, 54) in a predetermined 
direction. 



10. A source according to claim 6, characterized in 

that said Mach-Zehnder interferometer (5) 35 
comprises: 

a substrate (5a) on which an optical 
waveguide can be formed; and 

first and second optical waveguides (5c, 
5d) having a predetermined optical path length 40 
difference therebetween on said substrate (5a) 
and formed such that both end portions of said 
first and second optical waveguides (5c, 5d) 
are coupled with each other, respectively, said 
first optical waveguide (5c) being formed to 45 
have one end portion which receives the laser 
beam emerging from said first facet (1a, 11a) 
of said first or second semi-conductor laser (1, 
11) to demultiplex the laser beam into said 
second optical waveguide (5b) and another 50 
end portion which multiplexes the laser beams 
from said first and second optical waveguides 
(5c, 5b) to cause the first or/and second inter- 
ference light beam (b, a) to emerge. 

55 

11. A source according to claim 10, characterized 
in that said tuning means (6) includes heater 
means (5d, 5e) for heating said second optical 
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